A method for estimating heights reached by floods having a recurrence interval of 100 years is defined for nontidal streams with unregulated flows in North Carolina. The flood heights are the vertical distance between stream stage at median discharge (50 percent duration) and the 100-year flood stage and are defined for streams draining areas between 1 and 10,000 square miles. A flood-height drainage-area relation was determined by regression analysis for each of the three physiographic areas of the State--mountains, Piedmont and Coastal Plain.
An illustrated example of how the method can be used in conjunction with topographic maps to estimate flood heights and delineate inundated areas by interpolation is given. Congress (1966) to identify areas of potential flood hazard in order to minimize flood losses. The purpose of the flood-prone area mapping program was to identify potential flood-hazard areas as rapidly as possible with the best available methods for determining the approximate extent of inundation. Areas of potential flood hazard were defined later (1968) as the areas inundated by the flood having a recurrence interval of 100 years, or the 100-year flood. In mapping the floodprone areas, available information on past floods was utilized. Profiles of the 100-year flood, or a flood with a recurrence interval very near 100 years, were used to determine the flood elevation for points along some streams. The elevation of the water surface was used in conjunction with topographic maps to determine and to delineate the extent of the inundation.
Profiles of observed floods were not available for most streams and it was, therefore, necessary to develop other means for estimating the area inundated by the 100-year flood. Several methods for estimating the height of floods on unregulated, nontidal streams using readily available data are described by Edelen (1976) . The method adopted for use in North Carolina involves determining, at gaging stations, the stream stages at median discharge (50 percent duration) and at the 100-year flood peak discharge. The differences in height between these two stages are the flood heights used in preparing a regional relation of flood heights versus drainage areas. Finally, the flood heights derived from this relation are used in conjunction with topographic maps to determine the boundary of the area inundated by the 100-year flood.
The purposes of this report are to describe how the flood-height relations were developed for floods with a recurrence interval of 100 years for unregulated streams in North Carolina, to provide graphs and equations for use in determining flood heights, and to show how the graphs and equations are used to construct flood-prone area maps. The relations should not be used for streams which are in urban areas, are regulated, tide affected, channelized, or where flood heights are significantly affected by manmade structures such as bridges and dikes.
DETERMINATION OF FLOOD HEIGHTS AND DEVELOPMENT OF REGIONAL FLOOD-HEIGHT DRAINAGE-AREA RELATIONS
Flood height, defined as the difference in stage of a stream at the median discharge and the 100-year flood peak discharge, was determined for 142 sites on unregulated streams in North Carolina where gaging station data were available. The data were analyzed to find the stream discharge at median-flow (that which is exceeded 50 percent of the time). A log-Pearson analysis of the gaging station record was made to determine the peak discharge of the 100-year flood (that flood which will be exceeded once every 100 years on the average). The watersurface stage at these two discharges (median and 100-year) was determined from the stage-discharge relation that had been established previously for the stream at the gage.
Regional flood-height drainage-area relations for the 100-year flood were determined for each of the three physiographic areas in the State: mountain, Piedmont, and Coastal Plain. (See figure 1.) The method used in determining the regional relations is a regression analysis such as described by Riggs (1973) . In the analysis of 100-year flood heights good results were obtained by considering only one basin characteristic--drainage area. However, because separate regressions were performed for the three physiographic provinces, differences in basin characteristics such as climate, topography, elevation, channel slope, soils and geology in the three provinces probably were accounted for indirectly. Cat heys Creek, the example explained in the text. Graphs of the data for each physiographic area and the line of best fit on which the equations are based are shown in figures 2, 4, and 6. The locations of the gaging stations used in this analysis are shown on figures 3, 5, and 7. Note that the lines through the plotted points are extended beyond the limits of the data used in the analyses. The extension of the lines beyond the data, especially for making estimates for small drainage basins, is accepted practice in estimating flood heights and delineating flood-prone areas (Edelen, 1976, p. 5 and 15) . The gaging stations are identified on the maps by 8-digit numbers. The data points on the graphs are identified by abbreviated station numbers which are used in order to avoid clutter on the graphs. The numbers on the graphs correspond to the underlined digits on the maps. equation will indicate. For example, the equation for the Piedmont has a standard error of estimate of +32 percent and -24 percent. For a drainage area of 100 mi2, the flood height is estimated to be 14.7 ft (see figure 4) . For two-thirds of the cases for streams with a drainage area of 100 mi2, the true flood height will be between 32 percent more than 14.7 ft and 24 percent less than 14.7 ft, or between 19.4 ft and 11.2 ft.
DELINEATION OF FLOOD-PRONE AREAS ON TOPOGRAPHIC MAPS
How estimates of flood heights and elevations are determined and how the areas inundated by the 100-year flood are delineated on topographic maps are shown in the following example for Catheys Creek, which is a tributary of the Second Broad River in the western part of the Piedmont physiographic area (figure 1).
The first step is to construct a median-flow stage profile of Catheys Creek. This is done by finding the points where topographic contours cross the creek. The datum for these topographic contour values is the National Geodetic Vertical Datum of 1929 (NGVD). It is necessary to assume that the contours on the topographic map are exact and intersect streams at about the stage of median-flow (Edelen, 1976, p. 6) . If this assumption is correct, a median-flow stage profile can be constructed using these points of intersection. Three such points are indicated by arrows on the topographic map (figure 8) where the 880-ft, 860-ft, and 840-ft contours intersect the creek. A profile of the median-flow stage surface is plotted using these three points (figure 9). The next step is to determine drainage areas for several points on the creek by marking the drainage boundaries above the selected points on topographic maps and measuring the drainage areas by planimeter. At Oak Springs Road, the drainage area is 24.1 mi2, at U.S. highway 64 it is 28.5 mi2, and at County Road 1547 it is 31.0 mi2. The drainage area values are applied to the flood-height equation for the Piedmont, h100 4.86 A0' 24, or the Piedmont relation line of figure 4, to determine flood heights for the three drainage areas of 10.4 ft for 24.1 mi2, 10.9 ft for 28.5 mi2, and 11.1 ft for 31.0 mi2. These flood-height values are then added to the median-flow profile, and an estimated 100-year profile for the reach of the creek is drawn. (See figure 9.) The estimated 100-year flood profile can be used to determine the approximate area that is inundated by the 100-year flood. An example of this is shown for Catheys Creek on figure 8. From figure 9 , the 100-year flood elevation is estimated to be 878 feet at Oak Springs Road, 867 feet at U.S. Highway 64, 858 feet at Whiteside Road, and 851 feet at County Road 1547. The location of points on the land surface with these elevations are plotted on the topographic map at the respective road crossings by interpolation. Boundaries of the flood-prone areas are then drawn along the reach by interpolation between points of estimated flood heights. Note that the 100-year flood profile is estimated to be 860 feet above sea level about 1,000 feet upstream from Whiteside Road and 880 feet above sea level about 1,000 feet upstream from Oak Springs Road, (figure 9) and the flood-prone area boundary crosses the 860-foot and 880-foot topographic contour lines at these places.
